Objective: To assess body composition changes occurring in female anorectic patients after complete weight recovery. Design: Longitudinal study. Subjects: Ten female patients with anorexia nervosa (age at baseline: 19.7 AE 5.8 y) were studied both when undernourished (body mass index, BMI 14.8 AE Interventions: Fat mass and fat-free mass were determined by dual-energy X-ray absorptiometry. Skinfold thicknesses and circumferences were also measured. Arm muscle area and arm fat area were calculated by standard formulas. Results: The undernourished patients had lower fat-free mass, fat mass, skinfold thicknesses and circumferences. After refeeding, fat mass represented 25 -71% (mean 56%) of the mass regained, this percentage being directly related to the extent of weight gain. The increases in skinfolds and circumferences depended upon the site considered and were correlated to a various extent with those in weight or BMI. Skinfolds at biceps and abdominal sites and the waist-to-hip ratio remained significantly higher, whereas arm muscle circumference was significantly lower, in the refed group than in the control one. Conclusion: The percentage of fat in the weight regained by refed female anorectic patients was directly related to the extent of body mass increase. Refed anorectic patients appear to preferentially regain fat in the abdominal and triceps regions. Abnormalities in skinfolds (at biceps and abdominal sites), arm muscle area and waist-to-hip ratio still persist in refed anorectic patients in comparison to control healthy controls.
Introduction
Anorexia nervosa is a relatively common form of primary protein energy malnutrition affecting young individuals (usually females) living in Western countries. It is characterised by a voluntary restriction of food intake that lasts several months or even years, often resulting in a severe reduction of body mass (Henry, 1990) .
Several investigators have evaluated body composition in anorectic patients (Fohlin, 1977; Hannan et al, 1990; Krahn et al, 1993; Scalfi et al, 1993; Nuñiez et al, 1994; Probst et al, 1996; Orphanidou et al, 1997; Polito et al, 1998) : a decrease of both fat-free mass (FFM) and fat mass (FM) has always been reported, with lean tissues accounting for a variable percentage of the reduction in body mass. With respect to refed patients, changes in FFM and FM (Orphanidou et al, 1997; Probst et al, 2001) , body potassium (Pirke et al, 1986) , total body water and its intracellular=extracellular distribution (Vaisman et al, 1988) , as well as in bioimpedance analysis (Polito et al, 1998; Scalfi et al, 1999) , have been observed after weight recovery. The studies available in the literature also indicate that FM represents 21 -77% of the weight gained (Russell & Mezey, 1962; Forbes et al, 1984; Pirke et al, 1986; Mitchell & Truswell, 1987; Vaisman et al, 1988; Krahn et al, 1993; Waller et al, 1996; Orphanidou et al, 1997; Polito et al, 1998; Probst et al, 2001; Grinspoon et al, 2001) , while the number of calories needed to put down body mass seems to increase during refeeding (Salisbury et al, 1995) . Nevertheless, despite the widespread use of anthropometric techniques for the assessment of nutritional status, only a few studies have so far examined the changes in skinfolds and circumferences which occur during weight recovery (Forbes et al, 1984; Nuñez et al, 1994; Orphanidou et al, 1997; Polito et al, 1998; Probst et al, 2001) . In particular, the issue has recently been evaluated by Orphanidou et al, (1997) and Probst et al, (2001) in a more systematic way.
To add further information on this topic, the present study aimed to evaluate the variations in body composition occurring in anorectic patients after complete stable weight recovery, with a particular interest for both the relationships between the changes of anthropometric variables and those in body mass and body composition, and the comparison between refed patients and a control healthy group matched for age and body mass index (BMI).
Subjects and methods
Ten female patients with anorexia nervosa (according to the criteria of the DSM-IV-R, American Psychiatric Association, 1994) were first studied in the undernourished condition (Un-A); their ages ranged from 15 to 26 y, their body mass index (BMI ¼ weight (kg)=height (m) 2 ) was below 17 kg= m 2 , while their body weight had been stable ( AE 1 kg) for at least 2 months prior to the test, as assessed by clinical reports. The subjects then followed an outpatient protocol based on psychiatric therapies and a dietary programme and were again evaluated in the refed condition (Rf-A) after a complete (BMI > 18.5 kg= m 2 , according to WHO, 1995) and stable weight recovery (weight AE 1 kg in the 2 months prior to the test). Anorectic patients were compared with a control group of 18 female subjects aged 14 -23 y (BMI 19.0 -23.0 kg= m 2 ) with normal menstrual cycle and no history of eating disorders, matching Rf-A patients for age and height. The subjects gave their informed consent to the study, the protocol of which had been approved by the ethical committee of the Federico II University Medical School.
All tests were carried out between 09.00 and 10.30 am, after an overnight fast. Control women and refed anorexic women were investigated between the 6th and the 12th day of their menstrual cycle. All measurements were carried out in the same morning and included height, weight, skinfold thickness, circumferences and dual-energy X-ray absorptiometry (DXA) evaluation.
Anthropometry
Anthropometric measurements were performed by the same observer, according to standard procedures (Lohman et al, 1988) . Height was measured to the nearest 0.1 cm with a stadiometer and body weight to the nearest 0.1 kg on a balance beam scale with the subject barefoot and wearing only light undergarments. Skinfold thicknesses and arm circumference were measured on the left side of the body. Skinfold thicknesses were measured in triplicate to the nearest 0.2 mm with a Harpenden caliper at the biceps, triceps, subscapular, suprailiac and abdominal sites, whereas circumferences were measured with a flexible steel tape to the nearest 1 mm. Waist circumference was measured at the level of the natural waist, ie the narrowest part of the torso, while hip circumference was measured at the level of maximum extension. Standard error of repeated measurements in 10 subjects was 0.27 -0.56 mm for skinfold thicknesses and 0.27 -0.34 cm for circumferences.
The percentage of body fat was derived from the sum of four subcutaneous skinfolds (at biceps, triceps, subscapular and suprailiac sites) according to Durnin & Womersley (1974) . The formula for female subjects aged 16 -19 y was used also for two 15-y-old patients. Arm muscle circumference (AMC), arm muscle area (AMA) and arm fat area (AFA) were derived using standard formulas; AMA was corrected for bone area by subtracting 6.5 cm 2 from the calculated AMA (Heymsfield et al, 1982) .
Dual-energy X-ray absorptiometry FFM and FM were determined for the whole body by an experienced technician using dual-energy X-ray absorptiometry-DXA (Lunar DPX, Lunar Corporation, Madison, Wisconsin, software version 3.6). CV for repeated measurements on consecutive days was 1 -4% for FFM and 1 -5% for FM.
Statistical analysis
Statistical analyses were performed using Complete Statistical System (CSS=PC) program. Results are presented as mean and standard deviation (s.d.). A two-way ANOVA for repeated measures was used to compare anorectic patients before and after weight gain. One-way ANOVA and the Tukey's test were used to assess differences between the anorectic group and the control one. Unless otherwise stated, linear correlation and linear regression analyses were used to assess the relationships between variables. The P < 0.05 level of significance was used for all data analyses. Table 1 reports the general characteristics of the three study groups. As expected, body weight and BMI were markedly lower in the Un-A group. Patients regained 14.3 AE 4.2 kg in 1.2 AE 0.6 y reaching 52.1 AE 7.0 kg (BMI ¼ 20.4 AE 1.3 kg=m 2 ; min 18.9, max 22.9) after refeeding, close to the values of control healthy women. FM derived by DXA was 74% lower (P < 0.001) in the Un-A patients (2.7 AE 2.2 kg; min 1.2, max 6.9) than in the control females (9.4 AE 3.6 kg; min 3.7, max 15.1), while the corresponding difference for FFM was only 16%. On the other hand, FFM was 3% lower and FM was 18% higher in the Rf-A group than in the control one (P < 0.10 for FM). The percentage of body fat calculated from skinfold thickness was 13.1 AE 3.6% in undernourished patients (P < 0.001 vs the other two groups), 26.8 AE 3.8% in refed patients and 23.9 AE 4.4% in control healthy females. A significant difference in FM (P < 0.01) emerged between the skinfolds method and the DXA method ( þ 2.4 AE 0.8, 3.1 AE 2.0 and þ 2.9 AE 2.1 kg, respectively), but the discrepancy was similar in the three study groups. The increase in FM resulted to be 8.3 AE 3.9 kg according to DXA, and 8.9 AE 2.8 kg according to skinfold thickness, with a small and not significant difference ( þ 0.6 AE 2.1 kg) between the two methods. According to DXA, on average 56% of the weight gained consisted of FM, with a wide inter-individual variability (25 -71%). FM changes after refeeding were well correlated with the increase in weight (r ¼ 0.952; P < 0.001) or BMI (r ¼ 0.915, P < 0.001) while weaker associations were found when FFM changes were taken into consideration (r ¼ 0.342 and r ¼ 0.331, respectively). Figure 1 The relationship between the proportion of fat mass in the weight regained and weight increase in female patients with anorexia nervosa. Body composition changes in anorexia L Scalfi et al Moreover, the proportion of FM in the weight regained was directly related to the increase in body weight (Figure 1 : the data describe a curvilinear relationship analysed using a logarithmic regression with a r 2 ¼ 0.51, P ¼ 0.02) or BMI (linear relationship with r 2 ¼ 0.467, P ¼ 0.029), but was not related to the baseline values for age, weight, BMI, FFM and FM (data not shown).
Results
As shown in Table 2 , skinfold thicknesses and circumferences were much smaller in the Un-A group. After refeeding skinfold thickness increased to values similar to, or significantly higher (for biceps and abdominal skinfolds, P < 0.05), than in control women. In absolute value the largest increase was observed at the abdominal site, followed by triceps and suprailiac regions, in percentage at the suprailiac site followed by the abdomen and triceps regions. Relative changes in circumferences were more evident at the mid-arm site (35.9 AE 12.2%) and at the waist site (20.5 AE 7.5%). The waistto-hip ratio also increased after weight recovery, being significantly higher in the Rf-A group (0.862 AE 0.036) than in the Un-A group (0.812 AE 0.026) or the control group (0.821 AE 0.036). As far as surface arm anthropometry was concerned, AMA was on average 40% smaller in the Un-A patients than in control subjects (P < 0.001), with an incomplete recovery in the refed condition. AFA was 66% lower in the Un-A group and slightly (but not significantly) higher in the Rf-A group than in the control one.
Changes in circumferences, skinfolds at biceps, triceps and abdominal sites and AFA correlated well with the increase in weight, BMI or FM (Table 3) , whereas such relationships were weaker for subscapular and suprailiac skinfolds, and AMA. Similar results were also obtained when relative percentage changes were considered (data not shown).
Discussion
The results of the present study yield further information on body composition changes occurring in anorectic patients who had been severely undernourished and succeeded in regaining a normal body mass (ie BMI > 18.5 kg=m 2 ). Striking changes in body composition can be observed in patients with anorexia nervosa: for instance, in our study the initial body weight corresponded on average to 73% of controls' value while (according to DXA) FFM and FM were reduced by 17 and 71%, respectively. This is in agreement with previous papers which have indicated that in this case the reduction in body mass involves both adipose and lean tissues, but the former to a greater extent (Fohlin, 1977; Davies et al, 1978; Forbes et al, 1984; Probst et al, 1996; Orphanidou et al, 1997; Polito et al, 1998) .
However, it should be noticed that DXA and skinfold thickness measurements yielded different estimates of body fat, with lower values with the former technique. Actually, very low percentages of body fat were observed in anorectic patients using DXA by other authors (Waller et al, 1996; Iketani et al, 1999) , while a difference between the two methods had previously been detected also by Waller et al (1996) . Indeed, the differences between DXA and the skinfold thickness method were quite similar in the three experimental groups and were not affected by the absolute amount of body fat (data not shown; see below for comments on changes due to refeeding). Of course, the reasons for this discrepancy should be better evaluated by specifically designed studies.
The evaluation of body composition changes in refed undernourished subjects is a relevant nutritional issue. In the Minnesota experiment (Keys et al, 1950) , for instance, during the first 3 months of weight recovery healthy men regained 50% of the loss due to previous controlled semistarvation, with body fat content increasing more rapidly than muscle mass; after 5 months, total body weight exceeded the pre-starvation value, but the active tissue mass was still 8% below control value. Similarly, during the treatment of malnourished children weight gain was more rapid in the early recovery, with a tendency to lay down more fat in following phases (Standard et al, 1959) . As far as refed anorectic patients are concerned, cross-sectional and longitudinal studies have given fairly contradictory results, indicating that FM represents, on average, 21 -77% of the weight regained (Russel & Mezey, 1962; Forbes et al, 1984; Pirke et al, 1986; Mitchell & Truswell, 1987; Vaisman et al, 1988; Krahn et al, 1993; Waller et al, 1996; Orphanidou et al, 1997; Polito et al, 1998; Probst et al, 2001 ). This discrepancy could be explained by differences in baseline patients' general characteristics, measurement meth- Body composition changes in anorexia L Scalfi et al ods, refeeding programmes, etc. In the present longitudinal study refed patients were evaluated after achieving a normal body mass (ie BMI > 18.5 kg=m 2 ). We were able to identify 10 patients who satisfied the inclusion criteria; although the sample size was not large, significant findings were indeed reached.
As a first observation, the association between the increase in FFM and the one in weight or BMI was weak, possibly because of the variability in either initial hydration state or body fluid changes during weight gain. On the other hand, the variations in FM were strictly related to BMI changes according to the equation: FM change (kg) ¼ 2.19ÂBMI change 7 4.07 (s.e.e. ¼ 1.65 kg, r 2 ¼ 0.837 and P < 0.001). This regression is quite dissimilar from the one recently proposed by Trocki & Shepherd (2000) for the same type of patients; indeed, the two studies differ with regard to the method used for assessing body composition and for the patients' age (mean values 19.7 vs 14.2 y). Secondly, the composition of the weight regained appears quite variable in the 10 patients studied with the percentage of fat ranging between 25 and 71% (56% on average). Interestingly, the extent of weight increase emerged as a very important determinant in this regard, accounting for 51% of the inter-individual variability (Figure 1 ). This direct evidence is in agreement with the above mentioned paper by Standard et al (1959) and also with the idea that the number of calories needed to put down body mass increases in anorectic patients during refeeding (Salisbury et al, 1995) .
The assessment of the changes in skinfold thicknesses and circumferences occurring in anorectic patients after weight recovery represented another major aim of our experimental protocol. This issue has recently been evaluated by Orphanidou et al (1997) and Probst et al (2001) . To add some further information to their findings, we specifically studied refed patients who had reached a complete and stable weight recovery in comparison with control healthy women. It could also be underlined that, in comparison with the paper by Orphanidou et al (1997) , baseline BMI was substantially lower (mean values 14.8 vs 16.5 kg=m 2 ) while the increase in weight and BMI was much greater.
As expected, a significant increase in all skinfolds and circumferences was observed in anorectic patients after weight gain. In agreement with previous papers (Nuñez et al, 1994; Orphanidou et al, 1997; Probst et al, 2001) , when expressed in absolute values the greatest variation was observed for abdominal, triceps and suprailiac regions and for waist circumference. Noteworthy is that a slightly different figure emerged when relative changes were considered: in this case the maximum changes were observed for suprailiac skinfold and arm circumference. An increase in waist-to-hip ratio also was apparent; it was not related to the variations of weight or BMI and was more marked than previously observed (Orphanidou et al, 1997) , possibly because of the greater BMI changes occurring in our subjects. The interpretation of these findings in terms of body fat distribution is not easy. In effect, after weight recovery a significant increase in trunk adiposity has been recently reported in anorectic patients by Grinspoon et al (2001) , but an increase in the ratio between subcutaneous fat and visceral fat had also previously been observed by using CAT (Zamboni et al, 1997) .
In addition, we examined systematically the relationships between changes in skinfolds or circumferences and the increase in weight, BMI or FM. They were much weaker for subscapular and suprailiac skinfolds and quite strong for arm skinfolds, circumferences (especially at the mid-arm site) and AFA, suggesting a different response of subcutaneous adipose tissue depending on the region considered.
Last but not least, there were still some significant anthropometric abnormalities in refed anorectic patients when compared to healthy controls: skinfolds at biceps and abdominal sites were greater, AMC ( 7 8.3%) and AMA ( 7 15.5%) were lower and waist-to-hip ratio higher again. Altogether, these findings suggest that in refed anorectic patients there is a disproportionate recovery of body compartments which affects -first of all -subcutaneous fat, and support the hypothesis that body composition is not completely normalised after weight recovery (Iketani et al, 1999) .
In conclusion, the percentage of fat in the weight regained by refed female anorectic patients was directly related to the extent of body mass increase. Refed anorectic patients appear to preferentially regain fat in the abdominal, triceps and suprailiac regions. Changes in circumferences, skinfolds at biceps, triceps and abdominal sites and AFA correlated well with the increase in weight, BMI or FM, whereas such relationships were weaker for subscapular and suprailiac skinfolds, and AMA. Abnormalities in skinfolds (at biceps and abdominal sites), AMA and waist-to-hip ratio still persist in refed anorectic patients in comparison to healthy controls.
